S U M MARY The jaw-jerk response was elicited in seven adult male subjects by tapping on the chin in a downward direction. Tho jaw-jerk response, elicited in jaw-closing muscles by a downward tap on the chin, is sometimes used as a clinical test of the integrity of the trigeminal neuromuscular pathways. The test is applied in a qualitative;fashion, where simply the presence or absence of a muscle response is recorded, using electromyographic techniques.
S U M MARY The jaw-jerk response was elicited in seven adult male subjects by tapping on the chin in a downward direction. The magnitude of the applied taps was varied subjectively by the operator, and the downward acceleration of the mandible measured by means of a calibrated piezo-electric accelerometer fixed to the lower anterior teeth. The taps were applied during voluntary clenching by the subject, controlled by means of a force transducer placed between upper and lower teeth. The electrical response of masseter and temporal mus6les was found to increase both with increasing stimulus strength and with voluntary clenching force. However, only by averaging a number of responses were clear relationships demonstrated, there being other variables, affecting the muscles independently, which it has not been possible to identify and control. It is concluded therefore, that quantitative analysis of the electromyograms of the jaw closing muscles following chin-tap stimuli is not a satisfactory method for testing for abnormality in excitability of the neuromuscular system involved in the jaw-jerk response.
Tho jaw-jerk response, elicited in jaw-closing muscles by a downward tap on the chin, is sometimes used as a clinical test of the integrity of the trigeminal neuromuscular pathways. The test is applied in a qualitative;fashion, where simply the presence or absence of a muscle response is recorded, using electromyographic techniques.
Some attempts to quantify the response of the masseter muscle have been made. Many of these have been concerned with the latency.' Difficulties of measurement arise, both in assessment of the moment of application of the stimulus, and of detection of the first evidence of a response. The response itself is followed by a silent period when the muscle is active at the time of stimulation, as in other muscles.2 The onset and duration of this silent period have also been investigated for the masseter muscle.' Furthermore the silent period duration in jaw-closing muscles has been examined in patients with muscular disorders of the region (tcmporomandibular dysfunction).'' The results are conflicting, and in any case neither the origin of the silent period, nor the relationship of its duration to preceding excitation of the muscle are clear, in these or other muscles. 6 Quantitative studies of the jaw muscle excitation following the chin-tap stimulus are incomplete. Goodwill7 
Methods

Measurement of stimulus
The stimulus was measured directly, as acceleration, by means of a miniature piezo-electric accelerometer attached to the lower jaw. The device was rigidly located behind the lower incisor teeth, in the mid-line, by means of an acrylic resin appliance clasped to molar and pre-molar teeth. The accelerometer, which was mounted so as to be sensitive to acceleration in opening and closing directions, provided a more objective measure of the stimulus strength than hitherto, where the most common method has been to quantify the magnitude of the tap applied to the chin.6
Taps were applied to the point of the chin via the operator's finger,' using a reflex hammer incorporating a micro-switch to provide a trigger pulse. The magnitude of the stimulus was measured as the peak downward acceleration of the mandible (fig 1) . The accelerometer and its amplifier were calibrated against a standard, and responded in a linear fashion over the range of acceleration and frequency involved in the present experiments.
Control of voluntary muscle activation A calibrated strain gauge transducer was placed between the upper and lower right canine and first pre-molar teeth, using dental impression compound on it's upper beam to ensure reproducible positioning. The signal from the transducer amplifier was displayed on a large centre zero meter, placed in front of the subject. The transducer amplifier offset was adjusted so that the meter zero corresponded to desired force levels, and the subjeL t asked to maintain the meter pointer at The response was measured using electromyographic techniques (EMG). Two silver disc electrodes (9 mm diameter) were fixed to the skin overlying the right masseter muscle, over the centre of the muscle, 2 cm apart in the general direction of the muscle fibres. In most experiments two further electrodes were applied to the right temporal muscle, also 2 cm apart, over the middle fibres.
The signal from the electrodes was amplified (differential, frequency range 10-1000 Hz), anid tape recorded, together with the trigger pulse from the stimulation hammer, the accelerometer signal, and in some experiments the force transducer signal.
The magnitude of the individual responses was obtained from the recording by integration of the EMG, over the time period shown by preliminary inspection to include the whole of the wave form of the response. This was commonly of 10 to 12 ms duration, starting 5 ms after the trigger pulse. At the end of each integration period the integral was stored in a sample/hold device and subsequently prin:ed by a recording digital voltmeter.
The integrator reading in the absence of a re-The effect of stimulus strength on the jaw-jerk response in man sponse was obtained by triggering the integration and recording sequence at times when no stimuli were being applied; this operation was performed at each force level demanded of the subject. The voltage by which an integral exceeded this reference level was thus the indication of magnitude of the response.
Experimental procedure
The subjects were seven adult males, age range 18 to 45 yr, with good natural dentitions, and free of local muscle or joint dysfunction. The experiments were carried out with the subjects seated upright in a dental chair with a headrest. Each subject was asked to maintain forces corresponding to loads of i, 1, 2 and 3 kg upon the transducer. The sequence in which these were demanded was randomised to obviate the chances of systematic effects of fatigue. In addition, for one period the subject was asked to relax with the transducer remaining in place between the teeth. During this time the meter was removed from the subject's view. The subject was judged to be relaxed by observation of minimal activity on the EMG signals.
The procedure at each force level was first to allow the subject a brief practice at maintaining the target force, and then to apply stimuli in groups of five at approximately three intervals, with a rest period between each group. The stimulus magnitude was randomised subjectively by the operator, during a total of 30 chin-tap (six groups of five). The three sec interval between stimuli was found sufficient to allow the subject to reestablish a steady clenching force.
Results
At each voluntary clenching force, a tendency was found for the individual responses (fig 1) to increase with increasing stimulus strength. Results from the masseter muscle for one subject at two force levels, are shown graphically in fig 2. This example shows a large degree of scatter of the data, a finding which was characteristic of all subjects, and for both muscles tested. The availability of corresponding results from masseter and temporal muscles enabled a comparison of the two series to determine where there was a relationship. Fig 3 shows the response integrals of the temporal muscle plotted against those from the masseter, for all data obtained from one subject at force levels of j and 3 kg. Although a relationship is just apparent, there was independent variation in the response of the two muscles. Responses to stimulation during relaxation were also variable. Particularly at lower levels of stimulation, there was often no detectable response. With larger stimuli, responses were more consistently visible and measurable. Fig 4A shows the acceleration signal and the temporal muscle It seems more likely that the response variability is related to normal processes within the responding muscles. The response is probably due to synchronisation, by way of muscle spindle afferents, of motor units active at the time of the chin-tap, and simultaneous stimulation of those not actually discharging but whose threshold is low (that is, units which would be recruited to achieve a small increase in voluntary contraction). Clearly the excitability of motor units in both these categories must vary from moment to moment. A further possibility is that the proportion of the total voluntary force produced by the different jaw-closing muscles is varying during the clench, resulting in changes in relative numbers of units excitable in the different muscles involved in the clench.
An alternative to measurement of the EMG response of individual muscles would be to record the response of the jaw-closing muscles as a group, by reference to the force transducer signal. This was recorded in the last two experiments in the present series, and showed both the immediate result of the applied tap, and a subsequent increase in the force (fig 6) . The latter must be due to the reflex muscle response because it occurred much more quickly than the reaction time, for this muscle, of 120 ms or more.10 Further experiments of this type are planned, and these may produce a more reliable, and therefore more useful, measure of the jaw-jerk response.
The frequent absence of a response when the subjects were relaxed is consistent with finding for other muscles." At least under the conditions of the present experiments, the threshold of motor units of the masseter and temporal muscles must have been such that no motor units, or only an undetectably small number, were excitable. The chin-tap stimulus tends to synchronise the discharge of active units of the muscles. Therefore, under the relaxation conditions of the present experiment, it is reasonable to conclude that the muscles tested were sometimes inactive, since even small units recruited to develop low forces are sometimes visible individually on the surface EMG,12 and synchronisation of a number of such units would be expected to increase their detectability still further above amplifier noise levels.
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